Fluorescence assays. Plasmid-carrying cells were grown to an OD 650 of the R6 genome was amplified by PCR using the 1622Nde and 1622Xho-His 210 oligonucleotides, which include a single restriction site for NdeI and XhoI, respectively 211 (Table 1 ). The amplified DNA was digested with both enzymes, and the 1,481-bp 212 digestion product was cloned into the pET24b vector (Novagen), which enables a C-213
terminal His 6 -tag fusion. E. coli BL21(DE3) cells harboring plasmid pET24b-mgaSpn-214
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His were grown at 37ºC in tryptone-yeast extract medium containing kanamycin (30 215 µg/ml). When the culture reached an OD 600 of 0.45, isopropyl-β-D-216 thiogalactopyranoside (IPTG) was added (1 mM). After 25 min, cells were incubated 217 with rifampicin (200 µg/ml) for 60 min. Cells were then sedimented, washed twice with 218 buffer V-His (10 mM Tris-HCl, pH 7.6, 5% glycerol, 300 mM NaCl, 5 mM β-219 mercaptoethanol), and stored at -80ºC. The cell pellet was concentrated (40x) in 220 buffer V-His containing an EDTA-free protease inhibitor cocktail (Roche). Cells were 221 disrupted by passage through a French pressure cell, and the whole-cell extract was 222 centrifuged to remove cell debris. Imidazole (10 mM) was added to the clarified 223 extract, which was loaded onto a HisTrap HP column (GE Healthcare) pre-224 equilibrated with buffer V-His containing 10 mM imidazole. After washing with the 225 same buffer, MgaSpn-His was eluted with buffer V-His containing 250 mM imidazol. 226
Fractions containing MgaSpn-His were identified by Coomassie-stained SDS-227 polyacrylamide (10%) gels, pooled, and dialyzed against buffer P (20 mM Tris-HCl, 228 pH 7.6, 5% glycerol, 250 mM NaCl, 1 mM EDTA, 1 mM DTT). The protein preparation 229 was concentrated by filtering through a 10 kDa cut-off membrane (Macrosep, Pall), 230 loaded onto a HiLoad Superdex 200 gel-filtration column (Amersham), and subjected 231 to fast-pressure liquid chromatography (FPLC; Biologic DuoFlow, BioRad). Fractions 232 containing MgaSpn-His were pooled, concentrated and stored at -80ºC. Protein 233 concentration was determined using a NanoDrop ND-1000 Spectrophotometer 234
(BioRad). 235
DNase I footprinting assays. A 222-bp region of the R6 genome (coordinates 236 1598298-1598519) was amplified by PCR using the 1622I and 1622H primers. One of 237 11 the primers was previously 32 P-labeled at the 5´-end using [γ-32 P]-ATP (3,000 238
Ci/mmol; PerkinElmer) and T4 polynucleotide kinase. Reaction mixtures (10 µl) 239 contained 30 mM Tris-HCl, pH 7.6, 1.2 mM DTT, 0.2 mM EDTA, 1 mM CaCl 2 , 10 mM 240
MgCl 2 , 50 mM NaCl, 1% glycerol, 4 nM of the 32 P-labeled 222-bp DNA and different 241 concentrations of MgaSpn-His. After 20 min at room temperature, 0.04 units of 242
DNase I (Roche Applied Science) were added for 5 min at the same temperature. 243
Reactions were stopped with 1 µl of 250 mM EDTA. Then, 4 µl of loading buffer (80% 244 formamide, 1 mM EDTA, 10 mM NaOH, 0.1% bromophenol blue and 0.1% xylene 245 cyanol) were added. Samples were heated at 95°C for 5 min, and loaded on 8 M 246 urea-6% polyacrylamide gels. Dideoxy-mediated chain termination sequencing 247 reactions using the 222-bp fragment and either the 1622I or the 1622H 248 oligonucleotide were run in the same gel. Labeled products were visualized using a 249
Fujifilm Image Analyzer FLA-3000 or by autoradiography. The intensity of the bands 250 was quantified using the QuantityOne software (BioRad). 251
252

RESULTS
253
Transcription of the mgaSpn gene in pneumococcal R6 cells. The complete 254 genome sequence of S. pneumoniae R6 has been published (14) (GenBank 255 AE007317.1). The ATG codon at coordinate 1598270 is likely the translation start site 256 of the spr1622 gene (herein named mgaSpn), since it is preceded by a putative 257
Shine-Dalgarno sequence (5´-AAAGAGAGAAAG-3´) (Fig.1) were carried out (Fig. 2) . The 1622A oligonucleotide was used as primer for extension 266 on total RNA isolated from R6 cells. The cDNA products were further amplified by 267 PCR using either the 1622A and C1622D or the 1622A and 1622C primers. As 268 controls, PCR reactions were performed using total RNA (negative control) or 269 genomic DNA (positive control) as templates. With the 1622A and C1622D primers, a 270 PCR-product that migrated at the position expected for a 1,023-bp DNA was 271 synthesized. Such a product was not visualized in the negative control. With the 272 1622A and 1622C primers, no PCR-products were detected. However, a product with 273 the mobility expected for a 1,221-bp fragment was synthesized in the positive control. 274 Therefore, transcription of the mgaSpn gene was initiated at a site located 275 downstream of coordinate 1598452. Sequence analysis of the region spanning this 276 coordinate and the translation start codon of the mgaSpn gene revealed the existence 277 of a putative promoter (herein named Pmga) (Fig. 1) . It has a consensus -10 278 hexamer (5´-TATAAT-3´), a consensus -10 extension (5´-TGTG-3´) and shows a 3/6 279 match at the -35 hexamer (5´-ATGCTA-3´) (consensus residues are shown in bold). 280
The -35 and -10 elements are separated by 16 nucleotides. The features of the 281
Pmga promoter indicate that it would be likely recognized by a housekeeping σ factor 282 similar to the Escherichia coli σ 70 (7). 283
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We next performed primer extension assays using RNA from R6 cells and the 284 1622D primer, which is complementary to the C1622D oligonucleotide (see Fig. 2 ). 285
No cDNA products were detected (not shown), which indicated that the amount of 286 mgaSpn transcripts in the RNA preparation was small. To amplify the signal, a 136-bp 287 chromosomal region (coordinates 1598440 to 1598305), which contained the putative 288
Pmga promoter, was inserted into the BamHI site of the pAS vector (plasmid pAS-289 Pmga; Fig. 3 ). This site is located upstream of a promoter-less gfp allele that encodes 290 a variant of the green fluorescent protein (32). The intensity of fluorescence in 291 cultures of cells carrying the pAS-Pmga plasmid was slightly higher (1.5-fold) than in 292 cultures of cells harbouring the pAS vector, indicating that the 136-bp region 293 contained a promoter signal. Also, primer extension assays were performed using 294 RNA from cells carrying plasmid pAS-Pmga. As primer, the INTgfp oligonucleotide, 295 which anneals to gfp transcripts, was used (Fig. 3) . Two cDNA products of 120 and 296 121 nucleotides were detected, indicating that transcription of the gfp gene started at 297 a site located 7-8 nucleotides downstream of the -10 element of the Pmga promoter. 298
Thus, the Pmga promoter was functional under our bacterial growth conditions. 299
Transcription of the spr1623-spr1626 operon in pneumococcal R6 cells. 300
Upstream of the mgaSpn gene there are four ORFs (spr1623-spr1626) that appeared 301 to be organized in an operon ( Fig. 1) . The mgaSpn gene and the putative operon 302 would be divergently transcribed. The ATG initiation codon of the mgaSpn gene 303 (coordinate 1598270) and the ATG initiation codon of the spr1623 ORF (coordinate 304 1598960) are separated by 689-bp. To investigate whether the putative operon was 305 transcribed, RT-PCR assays were performed (Fig. 4) . First, the 1623B oligonucleotide 306 14 was used as primer for extension on total RNA isolated from R6 cells. The resulting 307 cDNA was amplified by PCR using either the 1623B and 1623C or the 1623B and 308 1623A primers. With the 1623B and 1623C primers, a PCR-product that migrated at 309 the position expected for a 695-bp DNA was synthesized (Fig. 4) . With the 1623B and 310 1623A primers, no PCR-products were visualized. Nevertheless, such primers 311 amplified an 892-bp region using genomic DNA as template. Next, we performed RT-312 PCR assays using the 1626A primer for cDNA synthesis (Fig. 4) . Amplification of the 313 cDNA with the 1626A and 1623C primers generated a product that moved at the To analyze whether the P1623A promoter was functional in vivo, we performed 322 primer extension assays using the PDA oligonucleotide (Fig. 5) . Two cDNA products 323 of 106 and 191 nucleotides were detected, which would correspond to transcription 324 initiation events at coordinates 1598592 (P1623A promoter) and 1598507, 325
respectively. This result indicated that the pneumococcal RNA polymerase 326 recognized not only the P1623A promoter but also a promoter sequence (named 327 P1623B) that has a consensus -10 hexamer (5´-TATAAT-3´) but lacks a -35 element 328 (see Fig. 1 ). The functionality of the P1623B promoter was confirmed further by 329 15 primer extension using the PDB oligonucleotide (cDNA product of 60 nucleotides) 330 (Fig. 5) . 331
MgaSpn activates the P1623B promoter in vivo. To investigate whether 332
MgaSpn influenced the activity of a particular promoter in vivo, we constructed a 333 pneumococcal strain designed to overproduce MgaSpn. First, we constructed the 334 Fig. 6; lane 3) . By primer extension, we analyzed the effect of the 340
MgaSpn overproduction on the activity of the P1623A and P1623B promoters located 341 on the bacterial chromosome. We used a mix of oligonucleotides radioactively labeled 342 at the 5' end: PDA (see Fig. 5 ) and PErpoE, which anneal to spr1623 and rpoE 343 transcripts, respectively. The rpoE gene (spr0437 in the R6 genome) encodes the 344 delta subunit of the RNA polymerase and was used as internal control. As shown in 345 
P1623B. 353
We next constructed an R6 derivative, named R6Δmga, in which the 354 Fig. 1 promoter. The promoter-probe vector pAST (32) (Fig. 8A) To delimit the site required for MgaSpn-mediated activation of the P1623B promoter, 379 a deletion analysis was carried out. Three chromosomal regions were inserted 380 independently into the SacI site of pAST (Fig. 8A ): (i) the PAB region (coordinates 381 1598304 to 1598600; pAST-PAB); (ii) the PABΔ84 region (coordinates 1598388 to 382 1598600; pAST-PABΔ84) and (iii) the PABΔ153 region (coordinates 1598457 to 383 1598600; pAST-PABΔ153). In these constructions, gfp expression was under the 384 control of both promoters, P1623A and P1623B. Thus, the promoter activity of each 385 chromosomal region was evaluated by fluorescence assays (Fig. 8A) . The promoter 386 activity of the PAB and PABΔ84 regions was 2-fold higher in R6 cells (low levels of 387 MgaSpn) than in R6Δmga cells (absence of MgaSpn). However, the promoter activity 388 of the PABΔ153 region was similar in both genetic backgrounds. These results 389 indicated that the region spanning the coordinates 1598388 and 1598457 contained 390 sequences that were required for MgaSpn-mediated activation of promoters P1623A 391 and/or P1623B. 392
The promoter activity of the PABΔ84 and PABΔ153 regions was further 393 examined by primer extension (Fig. 9) . A mix of the 5´-labeled INTgfp and ASTtetL 394 primers was used. They anneal to gfp and tetL transcripts, respectively. The tetL 395 gene of pAST was used as internal control. Using RNA from R6 cells (low levels of 396 MgaSpn) harbouring pAST-PABΔ84 ( We used a 222-bp DNA fragment (coordinates 1598298-1598519 of R6) that 431 contained the 70-bp region (1598388-1598457) known to be required for MgaSpn-432 mediated activation of the P1623B promoter (Fig. 10C) . Such a DNA fragment was 433 radioactively labeled either at the 5' end of the coding strand (Fig. 10A) or at the 5' 434 end of the non-coding strand (Fig. 10B) . On the coding strand and in the presence of 435
MgaSpn-His, the region spanning the -52 and -90 positions relative to the 436 transcription start site of the P1623B promoter was protected against DNase I 437 digestion. On the non-coding strand, changes in the DNase I sensitivity (diminished 438 cleavages) were observed from -57 to -79 and from -83 to -102. Moreover, the -82 439 and -104 positions were slightly more sensitive to DNase I cleavage. We conclude 440 that MgaSpn interacts with sequences located between the positions -52 and -102 441 relative to the P1623B transcription start site (Fig. 10C) . Such sequences are 442 MgaSpn has only two amino acid changes (I309M and V358I) in the TIGR4, G54, 498 JJA, P1031, TCH8431/19A and CGSP14 strains, three amino acid changes (C280Y, 499 I309M and V358I) in the Taiwan19F-14 strain, and three amino acid changes (I309M, 500 V358I and P450S) in the 70585 strain. 501
The pneumococcal R6 strain has an additional mga-like gene (spr1404). It is 502 adjacent to the divergent spr1403 gene that encodes a collagen-like protein (PclA) 503 (28) . Both genes are absent in TIGR4 (2). Although the spr1404 gene product has 504 homology to the MgaSpn (59.3% similarity) and Mga (40% similarity) regulators, 505
Paterson et al. (28) reported that single deletion mutants lacking either spr1404 or 506 spr1403 were not attenuated in a mouse model of invasive pneumoniae. Thus, as 507 pointed out by the authors, further work is required to elucidate whether the spr1404 508 gene has a significant role in pathogenesis. 509
The function of the spr1623-spr1626 operon is unknown. It encodes products of 510 188 (spr1623; hypothetical protein), 56 (spr1624; putative lipoprotein), 202 (spr1625; 511 putative general stress protein 24) and 67 (spr1626; hypothetical protein) residues, 512 respectively. According to the Protein Clusters database (16), the spr1624, spr1625 513 23 and spr1626 products are identical in the ten pneumococcal strains mentioned above. 514
However, unlike R6 and D39, the operon of the other strains has an additional ORF 515 (named sp1801 in TIGR4). It is located upstream of the equivalent spr1623 ORF and 516 would encode a product of 54 residues (hypothetical protein, putative 517 transglycosylase associated protein). The absence of this ORF in R6 (and D39) is 518 due to the deletion of one nucleotide between coordinates 1598751 and 1598752, 519 which results in a truncated ORF that would encode a product of 20 amino acids. 520
Several observations suggest that the spr1623-spr1626 operon might play a role 521 in virulence. First, the product (202 amino acids) of the spr1625 gene has homology 522 (69% similarity) to the product of the Enterococcus faecalis gls24 gene (EF0080 in 523 strain V583; 186 amino acids), which was shown to be a general stress-inducible 524 gene involved in bile-salts resistance (6). Also, it was shown to be important for 525 
